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Abstract: While studies have shown that reductions in out-of-pocket payments for

vaccination generally encourages vaccination uptake, research on the impact on
health outcomes has rarely been examined. Thus, the present study, using municipal-

level survey data on a subsidy programme for influenza vaccination in Japan that
covers the entire country, examines how reductions in out-of-pocket payments for

vaccination among non-elderly individuals through a subsidy programme affected
regional-level influenza activity. We find that payment reductions are negatively

correlated with the number of weeks with a high influenza alert in that region,
although the correlation varied across years. At the same time, we find no significant
correlation between payment reductions and the total duration of influenza outbreaks

(i.e. periods with amoderate or high alert). Given that a greater number of weeks with
a high alert indicates a severer epidemic, our findings suggest that reductions in out-

of-pocket payments for influenza vaccination among the non-elderly had a positive
impact on community-wide health outcomes, indicating that reduced out-of-pocket

payments contributes to the effective control of severe influenza epidemics. This
suggests that payment reductions could benefit not only individuals by providing them

with better access to preventive care, as has been shown previously, but also
communities as a whole by shortening the duration of epidemics.

Submitted 8 March 2013; revised 16 January 2016; accepted 18 January 2016;
first published online 19 February 2016

1. Introduction

Vaccination is one of the most effective tools to not only protect individuals from
contracting a disease but also prevent disease epidemics in communities.
Improving vaccination rates, therefore, has been an important public health
goal in numerous countries around the world. An obvious barrier to the uptake
of vaccination is the costs that those who wish to get vaccinated have to bear.
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Studies on Japan (Ohkusa, 2005; Kondo et al., 2009), the United States (Ohmit
et al., 1995; Rodewald et al., 1997; Yoo et al., 2010), and other countries (Nexoe
et al., 1997) show that a reduction in vaccination costs is associatedwith an increase
in voluntary vaccination rates. However, the impact that cost reductions have on
disease incidence has not been examined intensively. That is, even though it has
been shown that a reduction in payments for vaccination has a positive impact on
vaccination uptake, how this affects disease prevalence remains unclear. This is
because, in the case of influenza activity, the relationship between vaccination rates
and vaccination effects may be non-linear as a result of various externalities of
vaccination (Boulier et al., 2007; Ibuka et al., 2012). Against this background, the
purpose of the present study is to usemunicipal-level data for Japan to examine how
reductions in out-of-pocket payments through subsidies for vaccination affects
regional-level health outcomes, again measured in terms of influenza activity.
Consistent with the standard economic theory, previous studies show empirically

that health care utilization is price sensitive, decreasing with out-of-pocket
payments incurred by patients, according to a vast collection of studies in the
United States (Manning et al., 1987; Wong et al., 2001; Gruber, 2006), Europe
(Bolin et al., 2009), and Japan (Shigeoka, 2014). If we focus on preventive care,
Kane et al. (2004) show that economic incentives work 73% of the time, based on a
review of randomized controlled trials to examine the effect of such incentives.
Furthermore, the study shows that the impact of out-of-pocket payments on health
care utilization differs in the type of preventive care. For example, some studies
demonstrate the negative impact of out-of-pocket payments on utilization of
preventive services on counselling, mammograms, or Pap smear tests (Solanki
and Schauffler, 1999; Trivedi et al., 2008) whereas the results are mixed for blood
pressure (Solanki and Schauffler, 1999). Overall, financial incentives for preventive
care function well for activities with a ‘distinct, well-defined’ goal, such as
vaccination (Kane et al., 2004). In addition, the impact of out-of-pocket payments
may vary with the type of intervention. Stone et al. (2002) find that providing
financial incentives to individuals is the second most effective intervention to
encourage preventive care activities, following organizational change interventions
on the supply side, such as the usage of separate clinics devoted to prevention or
designation of non-physician staff for specific prevention activities.
In contrast to the impact of out-of-pocket payments on utilization, there is

limited literature on the assessment of the effects of financial incentives on
health. Many interventions not only have immediate health effects but also
provide long-term health gains, and thus, a proper assessment requires measuring
all the accumulated health effects over the years. It is often important to take into
account the long-term effects on health outcomes.1 Focusing on influenza

1 With regard to the long-term impact of health insurance status on health, studies have identified at
least two positive effects. First, individuals’ health insurance status affects their long-term overall health and
risk of mortality (Franks et al., 1993; Currie and Gruber, 1996). Second, public health insurance eligibility
for children had a positive impact on their health in the future (Currie and Gruber, 1996).
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vaccination provides a framework that allows us to examine the effects of
financial assistance on health outcomes without having to worry about long-term
issues. This is because health effects appear in the relatively short term, that is, less
than one year, and do not accumulate over the years.
Under the current health care system in Japan, influenza vaccination costs

receive financial support from multiple sources, depending on an individual’s
age, health status, and type of insurer. For those aged 65 years or more, as well
as high-risk individuals aged 60–64 years, municipal governments reimburse
influenza vaccination costs. For low-risk individuals between 60 and 64 years
and all those less than 60 years, there are two types of subsidy schemes. First,
some employment-based health insurance providers cover part of the cost of
vaccination for the insured and their dependents. Employment-based health
insurance is a mandatory part of Japan’s statutory insurance system, in which
individuals do not have choices on insurers. Second, as of the beginning of
2010, ~11% of municipalities in Japan were implementing programmes to
subsidize influenza vaccination costs full or in part for specific groups within that
same low-risk population. In this study, we focus on the latter subsidy
programmes by the public sector among low-risk individuals, exploiting the
regional variation in the availability of the vaccination subsidies for the low-risk
population to analyse how the subsidy programme affected influenza activity in
the region.
As Section 2 describes in detail, there is variation in the subsidy amount for

influenza vaccination among the high-risk population. However, our focus is on
the low-risk group as the distribution of out-of-pocket payments for influenza
vaccination presents greater variation among low-risk individuals than among
high-risk individuals, reflecting the different subsidy schemes for high- and
low-risk individuals under current immunization policies. Based on Ohkusa
(2011), the only source available on the variation of out-of-pocket payments for
influenza vaccination, the distribution of such expenses is shown in Table 1. Note
that the distribution is based on those in the survey who decided to receive – and
hence (partly) pay for – vaccination. Therefore, it excludes those who chose
not to be vaccinated because of the costs of vaccination and other reasons, and
consequently, does not reflect the actual cost of vaccination that the overall
population faces. The average out-of-pocket expenditure for adults (those aged
14–64 years) was ¥3200 (US$40), that for older people was ¥1400 (US$18), and
that for children and adolescents was ¥5600 (US$70). The variance was smaller
for older people than adults, children or adolescents, and more than 80% of older
people paid less than ¥2000 (US$25).
In addition, we examine the impact of subsidies for low-risk individuals as they

are considered an important target for such programmes. Under the current
national immunization programme of Japan, the programme targets for influenza
vaccination are only high-risk individuals (i.e. the elderly and those with chronic
conditions). However, influenza epidemiology highlights the fact that children

Out-of-pocket payments for vaccination and influenza epidemics 277

https://doi.org/10.1017/S1744133116000037 Published online by Cambridge University Press

https://doi.org/10.1017/S1744133116000037


play an important role in influenza transmission (Monto et al., 1970), and
vaccinating children has been shown to be an effective way of controlling
influenza epidemics (Reichert et al., 2001; Jordan et al., 2006; Loeb et al., 2010).
Our study aims to explore how the impact of subsidies for the low-risk group,
including children, affects control of influenza epidemics.
Using survey data on the subsidy programme for influenza vaccination, we

analyse how reductions in out-of-pocket payments through a subsidy programme
for influenza vaccination affected community influenza activity, controlling for
observable and unobservable characteristics of municipalities. We find that the
availability of subsidies reduced the number of weeks with a high influenza alert in
a region by 20%.
The remainder of the paper is organized as follows. Section 2 describes the

institutional background to our analysis of influenza vaccination in Japan.
Then, Section 3 outlines our empirical approach and describes our data sources,
construction of variables, and empirical specification. Section 4 presents the
results while Section 5 discusses them and concludes.

2. Institutional background

2.1. Vaccination systems
Japan’s vaccination systems, as determined by the Preventive Vaccination Law,
consist of two parts: routine and voluntary vaccination (Kuwabara and Ching,
2014). Routine vaccination includes mainly childhood diseases, such as
measles and rubella, and voluntary vaccination includes such diseases as hepatitis A,
hepatitis B and rotavirus. The central government determines the list of routine and
voluntary vaccinations and occasionally revises the lists as considered necessary.2

The main difference between the two groups in terms of financing is in who

Table 1. Distribution of out-of-pocket expenses for influenza vaccination (in Japanese yen) among those
who received vaccination by age group

0–14 years old 15–64 years old 65 years old and over

1000 or less 2.67 3.07 56.45
1001 to 2000 9.71 14.03 24.05
2001 to 3000 14.98 44.05 13.31
3001 to 4000 15.40 19.20 3.97
4001 or above 57.15 13.38 2.16

Note: Figures show the percentage of respondents in each age group. Children and adolescents are those
aged 0–14 years old, adults are those aged 15–64, and the elderly are those aged 65 and over.
Source: Ohkusa (2011).

2 For example, the most recent revision, added the varicella vaccine to routine vaccination, starting in
October 2014.
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bears the costs of vaccination. Public authorities are responsible for the costs
of routine vaccination, and thus, routine vaccination is subsidized by the
government. Subsidies cover all the costs for childhood vaccination and children
are able to receive full subsidies for vaccination as long as they are vaccinated
following a determined vaccination schedule.
For voluntary vaccination, the government is not responsible for financial

support and those who are vaccinated bear the costs. The influenza vaccination is
unique in the sense that it is classified as either routine or voluntary depending on
the risk status of individuals. Specifically, for those considered high risk (i.e. those
aged 65 years or more and those aged 60–64 years with chorionic conditions),
influenza vaccination is routine. For the rest of the population (low-risk popula-
tion), it is voluntary. In addition, the full costs of influenza vaccination are
not necessarily subsidized by public authorities, unlike many other routine
vaccinations, even those for high-risk individuals. Rather, the subsidy amount is
determined by the municipality, and hence, varies with residential location of
individuals.
Influenza vaccination is required annually, and vaccination is provided at a

health care provider. Those who wish to be vaccinated visit a health care provider.
If they visit an office in their municipality of residence, they typically pay a
cash amount to the provider that reflects and subtracts the subsidy amount. If
individuals go to a clinic outside of their municipality of residence, or if there is
any other reason that they are unable to receive subsidies at the time of payment,
they receive the subsidies later as a reimbursement from the municipality after
paying the full vaccination costs to the provider.

2.2. History of influenza vaccination policies3

Next, we briefly consider the background to influenza vaccination measures in
Japan. In 1976, influenza was identified as one of the diseases targeted by the
Preventive Vaccination Law and mass vaccination of schoolchildren started.
However, the government stopped this programme in 1994 because of growing
scepticism regarding the effectiveness of influenza vaccination and concerns about
adverse reactions to the vaccine. By the late 1990s, the threat of an influenza
pandemic and other emerging infectious diseases had increased greatly over time;
the pendulum swung back again owing to the interventions by the Committee for
Influenza Pandemic Preparedness in the Ministry of Health and Welfare and a
change in public attitude, as reflected in the mass media (Hirota and Kaji, 2008).
The current policy started in 2001 when the Preventive Vaccination Law

was amended once again to include influenza in the list of routine vaccination
for high-risk individuals. The Law identifies two high-risk groups for which
vaccination is recommended: 65 years old or more, and individuals with chronic
conditions aged 60–64 years.

3 See Hirota and Kaji (2008) for a history of influenza vaccination policy in Japan.
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Figure 1 shows the seasonal influenza vaccine dose distribution in Japan from
1985 to 2010. The use of vaccines dropped sharply until 1994 but has increased
again since then. Because the Preventive Vaccination Law identifies older people
as a group for whom vaccination is recommended, the vaccination rate among the
elderly in Japan increased notably from 1999 to 2004, and reached 50% in 2009.
Even at this level, however, the rate remains below the Organisation for Economic
Co-operation and Development average.

2.3. Japanese health care system and the role of municipalities
Universal health insurance, which started in 1961, covers only the medical costs
for treatment and does not cover preventive care, such as screening for cancers
or vaccination. Instead, public authorities provide financial assistance for basic
preventive care.4

In Japan, local government is divided into two tiers: prefectural governments
(second tier) and municipal governments (first tier). Japan has 47 prefectures in
total and each prefecture consists of a number of municipalities (cities, towns and
villages), resulting in more than 1700 municipalities across Japan (Ministry of
Internal Affairs and Communications, 2014).5
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Figure 1. Seasonal influenza vaccine dose distribution in Japan: 1985–2010.
Source: Ministry of Health, Labour and Welfare, ‘The number of influenza vaccine doses
produced and used.’ Data for unused vaccination doses before 1999 are not available.

4 In addition, local government subsidizes co-insurance for medical treatment of children and infants as
well as fees for maternal check-ups.

5 Among the cities, those with a population of 500,000 or more and designated by an order of the
Japanese cabinet are called government ordinance cities, and are delegated to perform many of the same
functions as prefectures for public health and other fields, such as education and urban planning. The
government ordinance cities are Chiba, Fukuoka, Hamamatsu, Hiroshima, Kawasaki, Kitakyushu, Kobe,
Kumamoto, Kyoto, Nagoya, Niigata, Okayama, Osaka, Sagamihara, Saitama, Sakai, Sapporo, Sendai,
Shizuoka and Yokohama.
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Prefectural governments play a primary role both in organizing public health
policies as well as in financing and providing a wide array of public health services,
including sanitation, environmental and health care issues. However, under
the current Preventive Vaccination Law, municipalities, the first tier of local
government in Japan, are responsible for both the financing and provision of
routine vaccination.6 For example, as part of the administrative work related to the
provision of routine vaccination for childhood diseases, municipalities annually
track which residents are scheduled for routine vaccination, send out notifications
of their scheduled vaccinations, and keep records of whether they are vaccinated.

2.4. Influenza vaccination among high-risk individuals
Like for other routine vaccination, municipalities subsidize the cost of
influenza vaccination for target groups as per the Preventive Vaccination Law.
However, budgets for such subsidies vary across municipalities, and thus,
the subsidy amount varies across municipalities. To gain insight on how subsidy
amounts differ across municipalities, we provide the following statistics of
subsidies for influenza vaccination for high-risk individuals. According to a
survey of municipalities conducted in 2010 by the Ministry of Health, Labour
andWelfare, 68 of 1774municipalities (3.9%) covered the full cost of vaccination
for the target groups. About one-third of 1774 municipalities paid ¥3000–3999
(US$38–50) toward the cost of vaccination, one third ¥2000–2999 (US$25–38),
and one third ¥1000–1999 (US$13–25). Further, 32 municipalities (1.8%)
covered less than ¥1000. In addition, the cost of vaccinations is determined
based on agreements between municipal governments and community
medical associations (Hirota and Kaji, 2008), and hence, the actual cost per
vaccination before the subsidies were applied differs across municipalities.
Thus, the out-of-pocket expenses for vaccination vary, even among individuals
in the high-risk group, for whom influenza vaccination is set as routine and
depends on where they reside.

2.5. Influenza vaccination for low-risk individuals
For other individuals who we analyse in this study, that is, those identified as low
risk, there is no uniform rule on the price or subsidies by the central government. As
influenza vaccination for low risk individuals is listed as voluntary, municipalities
are not responsible for the cost of vaccination. In addition, the universal health
system does not cover the cost of vaccination, although some employment-based
health insurers voluntarily provide reimbursement.7 Thus, those who wish to be

6 As for the financing of vaccination, municipalities rarely receive subsidies from either prefectures or
the central government whereas a part of Local Allocation Tax (LAT) grants (block grants in Japan), may be
used for vaccination subsidies.

7 In addition, some employment-based insurance providers reimburse vaccination expenses.
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vaccinated have to pay out-of-pocket. Nevertheless, in 2010, 11% of munici-
palities provided subsidies for influenza vaccination, even for this group of the
population. The subsidy amount depends on the policy of each municipality. As a
result, there is considerable regional variation across municipalities in the extent
of subsidies for individuals from the low-risk group, ranging from ¥0 to ¥4000
(= US$50). In addition, the specific segments of the low-risk population entitled to
subsidies differ across municipalities. Thus, although, as Shibuya et al. (2011: 73)
highlight, in principle ‘Japan’s health policy is decided uniformly by the central
government and with little discretion from the local governments’, there is regio-
nal variation in terms of subsidies, and hence, out-of-pocket expenses for influ-
enza vaccination varies among the low-risk individuals.
Unfortunately, data on vaccination prices or the amounts individuals paid for

influenza vaccination are not readily available. For voluntary vaccination, there
are no rules or regulations for prices, which vary by health care provider. To
provide an idea of the cost of influenza vaccination in Japan, Kuwabara and Ching
(2014) provide a reference price of ¥2500 (US$31) per dose.

3. Empirical approach

Our empirical analysis attempts to examine the impact of reductions in
out-of-pocket payments due to subsidy availability, which varies among munici-
palities, on community-wide health outcomes, rather than on health outcomes
of those vaccinated. Thus, the analysis is conducted using regional-level
data. Specifically, we use either municipal-level or health centre-level data,
depending on data availability. We perform regression analyses based on
panel data, in which the dependent variable is a health outcome measured by the
duration of influenza epidemics and the main independent variable is a
dummy variable to show provision of subsidies, controlling for demographic
and economic conditions of each municipality. We use pooled ordinary
least squares (OLS), fixed effect, and random effect models for our panel
data set.

3.1. Data
This section presents the different variables we employ in our empirical analysis,
their data sources and construction, and the way we merged our data.

3.1.1. Vaccination subsidies

We start our discussion of variables used for the analysis by considering the
intervention variable. To assess the impact of subsidies, we use a binary variable
to indicate the availability of vaccination subsidies as the intervention
variable (Yes = 1). We use data from the ‘Survey on Subsidy Provision
for Voluntary Vaccination’ conducted by the Center for Vaccination Research
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in January 2010.8 The centre sent the survey questionnaire to all 1784
municipalities in Japan at that time and received responses from 1731
municipalities (a response rate of 97.1%). The survey aims to identify munici-
palities that provided vaccination subsidies for seasonal influenza for low-risk
individuals (i.e. those under 60 years of age and low-risk individuals between
60 and 64 years). In addition, it aims to obtain information on the segment of the
population eligible for vaccination subsidies in terms of individuals’ age and
economic status, on the costs covered by the programme, on the number of doses
covered, and on which year the programme started. As Figure 2 shows, roughly
10% of municipalities provided subsidies for children aged 0–5 years but the
percentage gradually shrinks for older age groups.
One of the questions the survey asked municipalities is in which year the

subsidy programme started. The responses indicate that in 2005, only 3% of the
municipalities provided the subsidies but this share increased to 8% in 2008 and 11%
in 2011. Using the variation in the percentage share over time, we create a three-year
panel covering the 2005/2006, 2008/2009, and 2010/2011 influenza seasons. Notice
that the survey includes the information on subsidy amount only in 2010, and thus, in
our panel data analysis, we cannot evaluate the impact as the response to the subsidy
amount. The survey was conducted at the end of 2009 and municipalities’ responses
reflect the situation in the 2009/2010 season. It would have been ideal to conduct the
analysis for that year; however, we exclude the 2009/2010 season because it was
probably affected by H1N1 pandemic in 2009 and so, we choose the two closest
seasons for our evaluation, namely, 2008/2009 and 2010/2011. It is important to note
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Figure 2. Subsidy target population by age group (2010).
Source: Centre for Vaccination Research, ‘Survey on Subsidy Provision for Voluntary
Vaccination’. Each bar indicates the proportion of municipalities that provide subsidies for a
specific age group.

8 More details on the survey are available upon request.
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that in this process, information is waived on subsidy provision, resulting in two
potential errors in measurement. First, municipalities that provided subsidies in the
2005/2006 (or 2008/2009) season but not in the survey year are not counted as
subsidy-providing municipalities. Second, if municipalities started the subsidy pro-
gramme after the survey year but before the 2010/2011 season, they are excluded from
the list of municipalities with a subsidy programme in the 2010/2011 season.

3.1.2. Measures of influenza activity

To measure the community-wide health outcome of payment reductions, we use
influenza activity as the dependent variable in our analysis. Information on
influenza activity is obtained from the National Institute of Infectious Disease,
which has established an influenza alert system and makes information on
influenza activity available online.9 The system provides weekly information on
the influenza activity level measured at 556 health centres in Japan. Health centres
in Japan provide various health services related to infectious diseases and mental
health diseases in the community. These services include not only health check-
ups, or counselling regarding health conditions to community residents, but also
technical assistance in health activities to the municipal government such as
infectious disease surveillance. In addition, health centres play an important role
in maintaining environmental sanitation and food safety and in reviewing clinical
safety in the community, by providing monitoring and inspection services to
various related institutions. They do not provide medical treatment care to
patients. A health centre covers one or more municipality and the health centre
district is determined by the boundaries of municipalities. That is, on average, one
health centre covers 3.2 municipalities (= 1784/556). The influenza activity level
registered at each health centre is classified into one of three levels of alert: no
alert, moderate alert and high alert. The level of alert is based on the number of
influenza patients per sentinel clinic or hospital reported during the preceding
week through the weekly sentinel surveillance system at each health centre. In each
health centre district, the sentinel clinics or hospitals are selected randomly so that
the number of sentinels could reflect the population size of the health centre.10

Clinical diagnoses are usually tested by influenza rapid tests. A moderate alert is
declared when the number of patients per sentinel exceeds 10, while a high alert is
declared when this number exceeds 30 (Murakami et al., 2004). A high alert
continues as long as the number of patients per sentinel remains at 10 or higher in
subsequent weeks.11 For our analysis, we use two measures of influenza activity:

9 The information (available only in Japanese), can be found at: https://nesid3g.mhlw.go.jp/
Hasseidoko/Levelmap/flu/index.html.

10 Information on how to select the sentinel clinics or hospitals is available in Japanese as ‘Kansensho hassei
doko chosa zigyo zissi yoko’ in Japanese at: http://www.mhlw.go.jp/file/06-Seisakujouhou-10900000-Kenkou-
kyoku/0000077698.pdf.

11 The critical values of the alert system are defined as follows. A high alert appears with a probability
of 1% based on influenza cases reported by surveillance sentinels over the preceding five years. A moderate
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the total number of weeks with a high alert and the total number of weeks with
either a high or moderate alert between the 45th week of the year (the beginning of
November) and the 22nd week of the next year (the end of May).12 On average, a
moderate alert and a high alert are shown for 8.3 weeks and 4.2 weeks, respec-
tively, in the 30-week period we consider (Table 2). In all three years of our
analysis, the number of weeks with both a high and a moderate alert are greater in
municipalities without a subsidy programme, as the last two columns of Table 2
show. We study how this would change after controlling for observed and
unobserved heterogeneities of municipalities.

3.1.3. Control variables

In order to isolate the effects of vaccination subsidies as much as possible,
we employ socio-demographic and economic control variables taken from the
Statistical Observations of Shi, Ku, Machi, Mura, available online by the Statistics
Bureau (2014). These include population density, the proportion aged less than
15 years, the proportion aged 65 years andmore, and per capita taxable income.13

The reason for including the proportion of those aged 65 years and more is that
this population group is covered by the mandatory vaccination reimbursement
programme. The population aged less than 15 years is included to take account of
both the epidemiology of influenza, that is, the fact that transmission is age
dependent, and regional demographic differences. This is because our preliminary
analysis indicates that there is an association between municipalities’
demographic structure and the use of vaccination subsidies. In addition, we
include prefectural dummies in our regressions for two reasons. First, although
municipalities are in charge of educational activities for influenza prevention,
prefectures often provide advice to municipalities and supervise their activities.
Thus, while no data on the degree of such activities are available at the
municipality level, prefectural dummies partially capture the effects of activities.
The second reason is to control for regional variations in weather and tempera-
ture, which likely affect influenza activity. Finally, we include year dummies to
control for year-specific effects.

alert has a probability of 60–70% four weeks before a high alert; the probability of not showing a moderate
alert without a high alert is 95–98%; and the probability of showing a moderate alert within four weeks
after a high alert is 20–30%. See Murakami et al. (2004) for more details.

12 A more straightforward outcome measure might be the total number of influenza patients per year,
but this information is available only at the prefectural level, which would leave us with only 47 data points
for each year. Using these 47 observations, we confirm that the number of weeks with influenza alert
approximate the number of influenza patients well. Specifically, the correlation coefficients between the
number of patients and the average total number of weeks with influenza alert are 0.58 (p<0.001) for the
2005/2006 season, 0.83 (p<0.001) for the 2007/2008 season, and 0.43 (p< 0.001) for the 2009/2010
season.

13 In addition, we used a number of other variables, including the number of hospitals per municipality,
the number of clinics per municipality, and the number of physicians per capita. However, we find no
significant effects on the outcome measures, and therefore, we omit the results.
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There are non-negligible differences in some characteristics between munici-
palities with and without vaccination subsidies (Table 2). In particular, the
means of the population density and per capita taxable income are lower in
municipalities that provide subsidies. When municipalities with subsidies are
highly concentrated in regions with low population densities (or per capita taxable
income), instead of being randomly distributed, the subsidy dummy can reflect
the difference in the population density (or per capita taxable income) instead of
the real effects of subsidies. In our sample, the proportion of municipalities
with subsidies is 23% for the bottom 10% of population density, whereas the
corresponding figure is 6% for the remaining 90%, indicating that subsidies are
provided in areas with lowest population densities. By contrast, as for per capita
taxable income, the proportion of municipalities with subsidies is 13% for the
bottom 10% of the distribution and 7% for the remaining 90%. This suggests
that the availability of subsidies is concentrated in municipalities with lower

Table 2. Descriptive statistics

Subsidy
provided
(Mean)

Variable Observations Mean SD Minimum Maximum Yes No

Total
Weeks with flu alert (moderate or

high)
5662 8.3 3.6 0 23 8.3 8.5

Weeks with high alert 5662 4.2 4.0 0 19 3.5 4.3
Vaccination subsidy (Yes = 1) 5662 0.08 NA 0 1 NA NA
Population density (persons/km2) 5662 1877 3145 11.6 21,898 892 1971
Proportion aged under 15 (%) 5662 13.0 NA 4 23 12.3 13.0
Proportion aged over 64 (%) 5662 26.5 NA 9 57 29.9 26.2
Taxable income/person (¥1000) 5662 1203 360 460 6238 1081 1214

2005/2006 (reference)
Weeks with flu alert (moderate or

high)
1876 6.4 2.3 0 15 6.0 6.4

Weeks with high alert 1876 3.2 2.8 0 12 2.5 3.2
Vaccination subsidy (Yes = 1) 1876 0.03 NA 0 1 NA NA

2008/2009
Weeks with flu alert (moderate or

high)
1893 9.4 3.6 0 20 9.3 9.5

Weeks with high alert 1893 5.1 4.1 0 15 4.0 5.2
Vaccination subsidy (Yes = 1) 1893 0.08 NA 0 1 NA NA

2010/2011
Weeks with flu alert (moderate or

high)
1893 9.1 4.0 0 23 8.4 9.2

Weeks with high alert 1893 4.5 4.7 0 19 3.0 4.7
Vaccination subsidy (Yes = 1) 1893 0.11 NA 0 1 NA NA
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population density but the degree of concentration is not as large with respect
to per capita taxable income. Thus, in Subsection 4.3, we examine how the
non-random distribution of subsidy availability across municipalities with
different population density affects the result. We do so by conducting subsample
analyses in which the subsamples are defined based on the percentiles of
population densities.

3.1.4. Data merging process

Finally, in order to construct our data set, wemerge the data from the various data
sources based on a common delineation of municipalities. The data set on
influenza alert covers October–May in the following year. On the other hand, the
subsidy amount is collected based on the fiscal year April–March of the following
year, and the information collected on the subsidies should reflect the information
before the influenza season starts each year. Thus, merging two data sets of the
availability of subsidies, for example, in 2010 with the total number of weeks with
influenza alert in the 2010/2011 influenza season is appropriate. As the data of the
Statistics Bureau have been organized on the basis of the delineation of munici-
palities since 31March 2010, we use this as our starting point and adjust the other
data sources accordingly. For some ordinance-designated cities, we break down
municipalities at the health centre level because these health centres have multiple
branch offices for which influenza alert information is available.14 Our final data
set consists of 1896 areas.

3.2. Econometric specification
Using the data set constructed in the manner described above, we empirically
examine the impact of the vaccination subsidies on influenza activity. To do so, we
employ three standard specifications to conduct our panel data analysis: pooled
OLS regression, fixed effect estimation, and random effect estimation. The panel
data analysis allows us to control for all time – invariant unobserved effects that
are specific to municipalities. Such effects include the average number of influenza
patients per sentinel clinic or hospital, or general population health status in a
municipality, both of which are potentially different across municipalities and
affect the estimation results if not controlled.
Before we present the results, however, it would be useful to address briefly a

potential source of endogeneity in the relationship between subsidy provision and
influenza activity. That is, at least theoretically, it is conceivable that individuals
might move to certain municipalities because they provide subsidies for vaccina-
tion. Thus, to examine whether migration may have affected our results, we cal-
culate the mean rate of population change between 2003 and 2008 for the 47
prefectures for children less than 10 years, the main target group of vaccination

14 Such cities are Fukuoka, Hiroshima, Kawasaki, Kyoto, Nagoya, Osaka, Sendai and Yokohama.
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subsidies. We find that for children aged zero to four years, the mean rate of
population change was only 0.63%, while for children aged five to nine it was
slightly higher, but still relatively low at 3.92%. These figures suggest that
migration during the period we focus on was minimal and it is unlikely to affect
our results qualitatively.

4. Results

4.1. The effect of vaccination subsidies on influenza activity
Let us now consider the results of our regression analysis.We start with the results for
the three-year panel in Table 3.When the number of weeks with a high alert is used as
the dependent variable, we find that the coefficient on the variable of interest, the
vaccination subsidy dummy, is negative and significant in the fixed and random effect
specifications, although it is insignificant in the pooled OLS estimation. Using an
F-test, we can reject pooledOLS estimation in favour of the fixed effects specification,
which suggests that unobserved heterogeneity in municipality characteristics affected
the estimation results. In addition, we test the fixed effect specification against the
random effect specification using a Hausman test. Doing so, we reject the random
effect specification in favour of the fixed effect specification, indicating that unob-
served municipality-specific factors were correlated with the independent variables.
Themagnitude of the reduction in the length of timewith a high alert was 0.87weeks,
which corresponds to 21% of the total number of weeks with a high alert.
Interestingly, no similar correlation is observed when the number of weeks with

any type of influenza alert (i.e. moderate or high) is used as the outcome measure.
This suggests that the subsidies successfully controlled severe epidemics, but did
not change the total duration of influenza epidemics. This is visually confirmed in
Figure 3, which presents the predicted numbers of weeks with high alert as well as
with any influenza alert by influenza season.15

We examine if the impact of the subsidies differs with the target population for
the subsidies by including two separate binaries to indicate the provision of
subsidies for those aged 0–18 years and those aged 19–64 years, assuming that the
age for subsidy eligibility did not change during the study period (see Appendix).
The results of fixed-effect as well as random-effect estimation show a significant
negative impact of the subsidies for those aged under 19 years but not for those
aged 19–64 years, indicating that the impact of subsidies on the health outcome is
driven by the subsidies for children and adolescents (Table A1).
Next, we examine the coefficients on the control variables. We find that, with

the exception of the income variable, which is positively associated with influenza

15 As a few municipalities are linked to one health centre in our data set, it is possible that communities
with different subsidy policies are linked to the influenza activity recorded in the same health centre. Thus,
we conduct the same analysis using the data set aggregated at the health centre level, where the main
dependent variable is defined as the proportion of municipalities with subsidies. We find that the result is
qualitatively consistent.
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Table 3. Effect of influenza vaccination subsidies out-of-pocket payments on influenza activity, three-year panel

Number of weeks with high alert Number of weeks with either moderate or high alert

Pooled OLS Fixed effect Random effect Pooled OLS Fixed effect Random effect

Vaccine subsidy dummy –0.260 (0.204) –0.872 (0.373)** –0.890 (0.235)*** 0.020 (0.193) 0.210 (0.318) –0.228 (0.215)
Share of population under 15 0.117 (0.042)*** –0.093 (0.097) 0.259 (0.045)*** 0.043 (0.038) –0.090 (0.072) 0.150 (0.040)***
Share of population over 64 –0.031 (0.017)* –0.222 (0.064)*** 0.015 (0.020) –0.072 (0.016)*** –0.115 (0.044)*** –0.035 (0.017)**
Population density 0.000 (0.000)*** 0.000 (0.000) 0.000 (0.000)*** 0.000 (0.000)*** 0.000 (0.000) 0.000 (0.000)***
Log of taxable income per person 1.823 (0.426)*** 6.740 (1.550)*** 3.346 (0.377)*** 0.708 (0.400)* 3.746 (1.304)*** 1.185 (0.346)***
Year 1 –1.522 (0.119)*** –1.830 (0.225)*** –1.506 (0.110)*** –2.910 (0.105)*** –2.840 (0.163)*** –2.886 (0.093)***
Year 2 0.508 (0.129)*** 0.344 (0.125)*** 0.442 (0.118)*** 0.355 (0.115)*** 0.273 (0.115)** 0.332 (0.109)***
Constant –10.170 (3.412)*** –35.429 (10.927)*** –22.417 (3.250)*** 6.161 (3.163)* –12.938 (9.207) 0.106 (2.905)
Adjusted R2 0.233 0.065 0.108 0.261 0.108 0.181
Sample size 5662 5662 5662 5662 5662 5662
F-value 80.03 326.99
Hausman test (χ2 statistic) 30.14 19.85

Notes: OLS = ordinary least squares.
Standard errors are in parentheses. Prefecture dummies are included as control variables in the OLS estimations.
*, ** and *** indicate statistical significance at the 10, 5 and 1% level, respectively.
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activity, the results for the other control variables vary depending on the
estimation method. For instance, in the fixed effect specifications, the coefficient
on the share of those aged more than 64 years is negative and significant, as one
would expect. By contrast, the positive effect observed in the pooled OLS and
random effect estimations for the share of those aged less than 15 years disappears
in the fixed effect model, that is, once unobserved heterogeneity is controlled for.
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Figure 3. Predicted number of weeks with influenza alert using the regression models by the
availability of vaccination subsidies.
Note: The values show the predicted mean number of weeks with (a) high alert and (b) any
alert (moderate or high) generated by the fixed effect estimation in each influenza season.
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The latter indicates that the level of influenza activity in a region was not affected
by the share of those aged under 15 years, but that there were other variations in
the demographic structure between municipalities with and without vaccination
subsidies picked up in the OLS estimation.
Finally, we investigate whether the impact of vaccinations differed over time. To

this end, we conduct separate two-year panel data analyses for the 2008/2009 and
the 2010/2011 seasons, with the 2005/2006 season used as the reference season.
The results in Table 4 show a clear contrast between the two years. Whereas in the
2010/2011 season, like the overall results reported in Table 3, the vaccination
subsidies was negatively associated with the number of weeks with a high alert, no
significant effect can be observed for the 2008/2009 season.

4.2. Robustness checks for the 2010/2011 season
The results in Table 4 show that in the 2010/2011 season, the vaccination
subsidies significantly reduced the number of weeks with a high alert. However, as
the subsidies do not cover the entire population under 65 years and eligibility in
most municipalities is limited to a subpopulation, one may wonder to what extent
the effects depend on how large a share of the population is covered by the
subsidies. Therefore, to consider the variation across municipalities in the target
population for vaccination subsidies, we conduct a linear regression using the
share of the population eligible for vaccination subsidies as the main independent
variable instead of the binary variable. The reason we do not use panel data
analysis in this case is that information on eligibility for the subsidies is available
only for the survey year (2010) and there is no variation in our data across the
three years in terms of eligibility for the subsidies. In addition to the variables
employed in the abovementioned panel analyses, we include an interaction term
between the proportion of those more than 64 years of age and the eligible
population share as we expect that the effect of the subsidies could vary with the
proportion of those more than 64 years.16 That is, if a greater share of individuals
is already covered by the subsidies for high-risk individuals in a municipality,
the benefit from the additional subsidies for the low-risk population may be
smaller because of the externality gained from higher vaccination coverage in a
municipality brought about by the larger share of the high-risk population. The
purpose of the analysis is to confirm that the effect of the subsidies is related to
subsidy eligibility. Thus, we do not consider the other season, that is, 2008/2009,
for which no statistically significant effect of the subsidies is found.
The results of this regression are shown in Table 5 and, regarding the impact of

the subsidies on influenza activity, are, indeed, qualitatively the same as those in
Table 4. That is, the subsidies reduced the number of weeks with a high alert but
had no effect on the number of weeks of either a moderate or high alert. In

16 We include the interaction term in our panel analysis in Subsection 4.1 but the coefficient on the term
is found to be insignificant.
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Table 4. Effect of influenza vaccination subsidies on influenza activity, two-year panel

2005/2006–2008/2009 seasons 2005/2006–2010/2011 seasons

Pooled OLS Fixed effect Random effect Pooled OLS Fixed effect Random effect

Outcome measure: number of weeks with high alert
Vaccine subsidy dummy 0.058 (0.270) –0.571 (0.511) –0.616 (0.282)** –0.450 (0.237)* –0.986 (0.408)** –0.986 (0.259)***
Proportion aged under 15 0.069 (0.045) –0.143 (0.108) 0.176 (0.045)*** 0.169 (0.049)*** –0.098 (0.133) 0.334 (0.051)***
Proportion aged over 64 –0.044 (0.019)** –0.252 (0.072)*** 0.008 (0.019) –0.014 (0.020) –0.193 (0.078)** 0.051 (0.021)**
Population density 0.000 (0.000)*** 0.000 (0.000) 0.000 (0.000)*** 0.000 (0.000)*** 0.000 (0.000) 0.000 (0.000)***
Log of taxable income per person 1.309 (0.463)*** 2.885 (1.316)** 2.782 (0.381)*** 1.570 (0.504)*** 10.477 (1.473)*** 4.103 (0.409)***
Year 1 –2.038 (0.117)*** –2.398 (0.259)*** –1.918 (0.110)*** –1.534 (0.119)*** –1.679 (0.264)*** –1.455 (0.113)***
Constant –4.921 (3.748) –6.121 (9.749) –16.778 (3.320)*** –9.188 (3.991)** –62.699 (10.307)*** –29.733 (3.556)***
Adjusted R2 0.249 0.076 0.116 0.301 0.060 0.113
Sample size 3769 3769 3769 3769 3769 3769
F-value 69.33 41.32
Hausman test (χ2 statistic) 40.38 40.58

Outcome measure: number of weeks with either moderate or high alert
Vaccine subsidy dummy 0.199 (0.235) 0.391 (0.400) –0.070 (0.250) –0.233 (0.227) 0.104 (0.337) –0.352 (0.248)
Proportion aged under 15 0.027 (0.039) –0.271 (0.090)*** 0.023 (0.038) 0.057 (0.045) 0.069 (0.105) 0.250 (0.046)***
Proportion aged over 64 –0.073 (0.016)*** –0.192 (0.060)*** –0.061 (0.017)*** –0.060, (0.018)*** –0.041 (0.060) 0.009 (0.020)
Population density 0.000 (0.000)*** 0.000 (0.000) 0.000 (0.000)*** 0.000 (0.000)*** 0.000 (0.000) 0.000 (0.000)***
Log of taxable income per person 0.220 (0.424) 1.745 (1.184) 0.364 (0.348) 0.831 (0.468)* 5.299 (1.227)*** 2.059 (0.415)***
Year 1 –3.265 (0.104)*** –3.274 (0.214)*** –3.225 (0.094)*** –2.908 (0.104)*** –2.737 (0.209)*** –2.835 (0.101)***
Constant 10.004 (3.375)*** 6.160 (8.760) 8.553 (2.996)*** 5.102 (3.676) –28.218 (8.584)*** –8.559 (3.449)**
Adjusted R2 0.314 0.183 0.236 0.373 0.098 0.195
Sample size 3769 3769 3769 3769 3769 3769
F-value 232.25 193.95
Hausman test (χ2 statistic) 37.84 14.54

Notes: OLS = ordinary least squares.
Standard errors are in parentheses. Prefecture dummies are included as control variables in the OLS estimations.
*, ** and *** indicate statistical significance at the 10, 5 and 1% level, respectively.
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addition, we find that the interaction term has a positive coefficient, indicating
that the impact of the subsidies declined along with a larger share of elderly
individuals in the population.

4.3. Subsample analyses for different ranges of population density
As we see in Subsection 3.1, the municipalities with subsidies are highly
concentrated in the municipalities with low population densities, in particular, in
the lowest 10%. To examine how the non-random distribution affects our results
for the impact of vaccination subsidies on influenza activity, we conduct subsample
analyses. Table 6 shows the fixed effect estimation results that are supported by
statistical tests among the three specifications using observations located in the
lowest 10 and 50% of population densities. For the number of weeks with high
alert, the magnitude of the impact of vaccination subsidies on influenza vaccination
and the statistical significance of the coefficient estimates differ in the analyses in
different ranges, although the qualitative direction of the impact is the same as our
main analysis, and are negative. The effect is the largest for the lowest 10%, of
which 23% comprised municipalities with subsidies available. The difference in the
impact across the subsample analyses with the two ranges could stem from both the
difference in the proportion of the municipalities in which subsidies are available
(the proportion decreases as the population density increases), and variation
of the impact itself. The impact on the other outcome measure is not found to be
statistically significant, which is consistent with the result of the main analysis.

4.4. Subsample analysis by population size
Kondo et al. (2009) find that there was a difference in the response in vaccination
rate to vaccination subsidies between urban and rural areas, and that price

Table 5. Effect of influenza vaccination subsidies on influenza activity using the share of the subsidy target
population, 2010/2011 influenza season, OLS results

Number of weeks with
high alert

Number of weeks with flu alert
(moderate or high)

Share of subsidy target population –6.86 (3.16)** 3.12 (3.82)
Share of subsidy target

population× share aged over 64
0.21 (0.11)* –0.14 (0.13)

Share aged under 15 0.21 (0.08)*** 0.04 (0.08)
Share aged over 64 –0.08 (0.03)*** –0.12 (0.03)***
Population density –0.0002 (0.0001)*** –0.0001 (0.00004)***
Taxable income per person –0.0001 (0.0003) –0.0003 (0.0003)

Notes: Standard errors are in parentheses. Prefecture dummies are included as control variables in all
estimations.
*, ** and *** indicate statistical significance at the 10, 5 and 1% level, respectively.
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elasticity for vaccination was almost zero in urban areas. Motivated by their
findings, we conduct a subsample analysis by population size to explore whether
there is a difference in the impact of payment reductions on the number of influ-
enza alerts between urban and rural areas. Specifically, we divide the whole
sample into two subsamples based on population size and conduct the same
analysis as we do for Table 3. Table 7 shows the results from OLS, fixed-effect,
and random-effect estimations in the upper and lower 50%.
First, we find that the impact is greater in the urban areas with larger population

size, and this is consistent across the three regression models. Second, unlike the
main analysis in Subsection 4.1, the impact in the urban areas is statistically sig-
nificant for the regression with the number of influenza alerts including moderate
and high as the outcome variable.

5. Discussion

To our best knowledge, apart from the present study, Ohkusa (2005) is the only
other study on vaccination subsidies that examines the impact of cost reductions
on health outcomes with a limited sample size. We find that reductions in
out-of-pocket payment through subsidies for influenza vaccination are negatively
associated with the number of weeks with a high alert for influenza epidemics in

Table 6. Effect of influenza vaccination subsidies on influenza activity, subsample analyses by population
density, fixed effect estimation results

Number of weeks with high alert
Number of weeks with either moderate

or high alert

Lower 10% Lower 50% Lower 10% Lower 50%

Vaccine subsidy
dummy

–1.572 (0.749)** –0.091 (0.428) –0.705 (0.526) 0.602 (0.411)

Share of population
under 15

0.012 (0.258) –0.371 (0.144)** –0.205 (0.180) –0.231 (0.111)**

Share of population
over 64

–0.596 (0.186)*** –0.475 (0.097)*** –0.142 (0.123) –0.296 (0.074)***

Population density –0.046 (0.053) 0.009 (0.009) 0.051 (0.042) 0.013 (0.007)*
Log of taxable

income per person
9.695 (2.686)*** 5.441 (1.950)*** 6.174 (2.554)** 1.129 (1.431)

Year 1 –2.445 (0.619)*** –1.814 (0.265)*** –2.943 (0.511)*** –2.794 (0.227)***
Year 2 0.217 (0.401) 0.745 (0.184)*** 0.522 (0.397) 1.069 (0.179)***
Constant –40.837 (20.142)** –17.076 (14.813) –30.428 (19.013) 8.855 ((11.09)
Adjusted R2 0.084 0.091 0.202 0.228
Sample size 562 2825 562 2825

Notes: Standard errors are in parentheses. Prefecture dummies are included as control variables in all
estimations.
*, ** and *** indicate statistical significance at the 10, 5 and 1% level, respectively.
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the region. Our results are qualitatively consistent with Ohkusa (2005), who
found the out-of-pocket payment was negatively related to influenza and
pneumonia mortality via increased vaccination coverage. He examined the impact
of subsidy amount among high-risk individuals using data from Tokyo and 12
large cities in Japan. Our result confirms the effect of cost reductions through
subsidies for different population, that is, low-risk individuals, on a different
health measure and extends the results to the whole of Japan using data on more
than 1700 municipalities.
Our study evaluates the effect of subsidies for low-risk population including

children, who are not targets of the current national immunization programme. It
is essential to understand the impact of subsidies on health outcomes for further
discussion of effective immunization policies in Japan and this study provides
evidence about the role of subsidies specifically for the low-risk population. At the
same time, we cannot come to any conclusion about the target of vaccination
subsidies in terms of age within the low-risk population. While our results show a
statistically significant impact only for those under 19 years of age, this does not
necessarily indicate that subsidies for this age group should be more effective than
those for other age groups. In the given data set, all the municipalities in which
vaccination subsidies were available for those aged 19–64 years also provided
subsidies for those aged 0–19 years. Thus, the non-significant impact of subsidies
for the adults simply implies that there were no additional impacts of subsidies for
adults. To make a comparison in relation to the impact of subsidies targeted at
different age groups, it is necessary to have a random assignment of subsidies with
respect to target age as research design.
In this study, we find a positive correlation between subsidies and health

outcome. Given the controls in regressions in both observable and unobservable
factors that could affect the relationship between the two, the correlation implies

Table 7. Effect of influenza vaccination subsidies on influenza activity, subsample analyses by population
size, OLS, fixed effect, and random effect estimation results

Pooled OLS Fixed effect Random effect

Number of weeks with high alert
Lower 50% 0.214 (0.253) 0.043 (0.471) −0.265 (0.288)
Upper 50% −1.060 (0.333)*** −2.193 (0.570)*** −1.922 (0.393)***

Number of weeks with either moderate or high alert
Lower 50% 0.343 (0.254) 0.853 (0.438)** 0.259 (0.281)
Upper 50% −0.550 (0.269)** −0.752 (0.410)* −1.171 (0.303)***

Notes: OLS = ordinary least squares.
Standard errors are in parentheses. The figures show coefficient estimates of a binary to show the availability
of subsidies. The same control variables as Table 3 are included in all estimations. The sample was divided
by population size.
*, ** and *** indicate statistical significance at the 10, 5 and 1% level, respectively.
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improved health outcome due to subsidies, which likely occurred as a result of the
expansion in vaccination rates caused by a reduction in out-of-pocket payments
due to the subsidy programme. Consistent with this, we find a robust result even
when the proportion of subsidy target is the explanatory variable instead of a
binary to show subsidy provision. Previous studies also have shown that cost
reduction has a positive effect in preventive health care utilization. In particular,
economic incentives have been found to be effective in the short run for simple
preventive care that has distinct, well-defined goals, such as vaccination (Kane
et al., 2004).17 In addition, two previous studies about Japan have found a
positive impact, at least partially, on vaccination uptake among older people
(Ohkusa, 2005; Kondo et al., 2009; Ibuka and Bessho, 2015), which supports the
mechanism of the impact.
At the same time, it is important to note that our analysis per se does not limit

other possibilities for improved health outcomes. For example, the effect of the
reductions in vaccination costs may have been reinforced if it were conducted
together with other public health measures, such as vaccination campaigns or
educational activities for prevention of influenza infections. The effect is partly
controlled for by prefecture dummies, as prefectural authorities are primarily
responsible for public health activities at the regional level. In addition, payment
reductions may have increased demand for vaccination among groups not eligible
for subsidies and this may have contributed to reducing influenza activities. For
example, some individuals may have been vaccinated when visiting a clinic
accompanying a person who is the subsidy target. If this effect played an
important role, then providing financial assistance to a broader range of the
population may provide less incremental improvements in health outcomes.
The positive correlation we find is modest from three perspectives. First,

influenza vaccination subsidies were associated with only the number of weeks
with a high alert but not the total number of weeks with an influenza alert
(moderate or high). Given the significant impact on the number of weeks with a
high alert, this result leaves two possibilities with regard to moderate alerts: (a) the
number of weeks with a moderate alert may have increased as the number of
weeks with a high alert decreased. That is, a high alert may have shifted to a
moderate alert; (b) the number of weeks with a moderate alert did not decrease by
the same extent as the number of weeks with a high alert.
Second, the correlation is rather modest in that its magnitude varied in the two

years on which our evaluation was based. Although the coefficient estimate of the
subsidy programme in the 2010/2011 season was significant and robust, the

17 In addition, we take a preliminary look at the impact of reimbursement programmes on vaccination
rates and calculate the correlation between the availability of a reimbursement programme and the vacci-
nation rate for under 65-year-olds at the prefectural level (n = 47), the smallest unit for which data are
available. We find that the share of municipalities with a reimbursement programme is positively associated
with the vaccination rate for under 65-year-olds, although the association is not significant (r = 0.16,
p =0.28).
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corresponding estimate in the 2008/2009 season was not. A possible reason is that
the latter correlation may be underestimated owing to lack of information on the
availability of the subsidies. In addition, there may be a difference in the match
between a vaccine and the circulating influenza virus, and thus, the efficacy of the
vaccine itself may have varied between the two years. Specifically, there are two
possible reasons. First, the difference may be due to the way that our panel data
are constructed, namely, that they are based on a survey examining whether
municipalities provided vaccination subsidies in 2010. If municipalities provided
vaccination subsidies in the 2008/2009 season but stopped before the survey
was conducted, such municipalities are not counted as municipalities providing
subsidies, so that the coefficient may have been underestimated. Second, there can
be a difference in the efficacy of vaccination owing to the mismatch between
vaccine strains and circulating strains.
Third, there is a difference in the magnitude of the coefficient estimate

of the subsidy programme by population size. Specifically, a greater impact
of cost reductions on influenza activity is found in urban area than in rural
areas determined by population size, which is contradictory to Kondo et al.
(2009), who found a greater effect on vaccination uptake in rural areas.
We are not able to identify the reason for the inconsistent results between
the two studies. However, it is possible that the difference could partly come from
differences in the study settings. For example, the study target population
differs between the two studies. Kondo et al. (2009) evaluate the impact of
subsidies on older people while ours does so among low-risk individuals.
In addition, Kondo et al. (2009) use data of 196 municipalities whereas
the current study uses data of more than 1700 municipalities. The selection
of municipalities may affect the results although their recruitment of study
participants is based on random sampling.
Given our results, there are three potential directions for the extension of our

study to produce clear policy implications. First, it is important to examine the
impact of out-of-pocket payments on vaccination rates to confirm the mechanism
of our finding. Currently, data on vaccination rates at the municipal level for the
entire country is available only for high-risk individuals who are the targets of the
national immunization programme (i.e. ‘routine’ vaccines), and not for low-risk
individuals. An analysis of the response to the costs of vaccination using
individual-level data may be helpful to understand the mechanism of our results.
Such data collection on vaccination rates is crucial to understand the exact
mechanism of our results.
Second, we need to understand the source of variations for subsidies

across municipalities in Japan. In the substantial body of literature on the
impact of out-of-pocket payments on health care utilization, the central argument
has been the role of such payments as a tool to prevent ex-post moral hazard
of the insured (World Health Organization, 2002). Compared to health
insurance, out-of-pocket expenses for vaccination are less likely to be justified in
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terms of moral hazard prevention as each individual requires only a
limited number of doses per vaccine, and thus out-of-pocket expenses
are less likely to lead to unnecessary use. Thus, the variations in out-of-pocket
expenses are more likely to arise from the consideration of finance conditions,
that is, the budgets of municipal governments. To argue further how to
expand subsidy programmes at the municipal level, it is important to determine
the barriers to the provision of subsidies by each municipality. To this end,
it is essential to explore the source of variations across municipalities’ vaccination
subsidy programmes and to identify the determinants of resource allocation
to such programmes.
Third, cost-effectiveness analysis of a programme to provide financial

assistance should be undertaken for further policy discussion. The current
form of vaccination policies for influenza started in 2001 and influenza vaccina-
tion is listed as routine only for older people. Hence, financial support by
the government is guaranteed only for this population. The purpose of the
current policy for subsiding influenza vaccination emphasizes more the reduction
of the risk of infections for individuals (Ministry of Health, Labour, and
Welfare, 2013). Our results on the duration of influenza epidemics indicate that
the provision of subsidies for low-risk individuals may be effective to control
influenza epidemics by reducing transmission. An examination of the
cost-effectiveness of such programmes may be the next step before the
policy reconsiders the list of routine vaccination together with validation
of its effectiveness. It is well known that immunization is, in general, a cost-
effective medical intervention (Russell, 2007) but it is essential to examine
carefully the cost-effectiveness of each programme for a specific target group, such
as low-risk individuals.
Unlike in the United States and other developed countries, low-risk individuals

in Japan still bear a large share of the costs of influenza vaccination, unless
their particular municipality has a subsidy programme for this population
group. As the Institute of Medicine (2004) in the United States suggests, reducing
vaccination costs may not substantially affect individuals’ behaviour when vac-
cination costs are already low. In Japan, however, reported out-of-pocket
expenditure for influenza vaccination is, in fact, quite high, in some cases
exceeding ¥10,000 (US$125) for children and adults under the age of 65 years
(Ohkusa, 2011). Under these circumstances, reducing out-of-pocket expenses
could play an important role in controlling influenza activity.
Finally, we point out some limitations of this study. First, due to a lack of data,

we were unable to examine the effect of vaccination costs on vaccination rates,
and thus, the exact responsiveness of vaccination rates to vaccination costs is
unknown. Previous studies have shown that there is regional variation in the
response to price changes among older people in Japan (Kondo et al., 2009),
and the variation in responsiveness may mediate the relationship between the
availability of a subsidy and the realized outcome, if the same holds for low-risk
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individuals. Second, our study did not explicitly decompose the effect of the
subsidies and other regional-level health programmes that potentially influence
influenza activity, as mentioned above. Third, our analysis did not consider the
effects of reimbursement provided by health insurers. If regional variation exists in
the reimbursement provision by health insurers, this could mean that the analysis
potentially suffers from omitted variable bias. However, the fixed effect estimation
could control for a part of the effect, so long as the reimbursement provision by
insurers did not shift parallel to the subsidy programme by the local government.
Fourth, our analysis based on regional-level data may ignore the effect of
commuting between the boundaries of health centre districts. Finally, our analysis
is subject to measurement errors. The key explanatory variable was created from
information on subsidy provision in 2010 and the year when each subsidy
programme started. If municipalities provided vaccination subsidies in the
2008/2009 season but stopped before the survey was conducted in 2010, such
municipalities were not counted among the municipalities providing subsidies.
However, this could lead to only downward bias in the estimate of the coefficient,
implying that our results represent the most conservative case.
Despite these limitations, our study using data from all Japan’s municipalities

showed that municipalities that implemented consumer subsidy programmes experi-
enced shorter periods of high influenza activities. Japan’s current influenza vaccination
policies, in which the availability of subsidies for the low-risk group and the amount of
subsidies for the high-risk group are determined by residential location, could lead to
potential health disparities across geographic regions. Japan’s universal health cover-
age guarantees equal access to medical care for treatment, and it may also be impor-
tant to consider equity in access to preventive care, particularly if access to preventive
care has a direct impact on the health of the population. Our results indicate the
importance of financial assistance in terms of equity in the access to health care and, as
an effective tool for public health goals.
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Appendix

Table A1. Effect of influenza vaccination subsidies on influenza activity by subsidy-eligible age, three-year panel

Number of weeks with high alert Number of weeks with either moderate or high alert

Pooled OLS Fixed effect Random effect Pooled OLS Fixed effect Random effect

Vaccine subsidy dummy for 0–18 −0.185 (0.226) −0.825 (0.413)** −0.888 (0.274)*** 0.127 (0.214) 0.041 (0.342) −0.153 (0.245)
Vaccine subsidy dummy for 19–64 0.053 (0.440) −0.408 (1.148) 0.256 (0.504) −0.397 (0.467) 1.58 (1.084) −0.353 (0.566)
Share of population under 15 0.116 (0.042)*** −0.092 (0.097) 0.258 (0.045)*** 0.044 (0.038) −0.094 (0.072) 0.151 (0.040)***
Share of population over 64 −0.032 (0.017)* −0.222 (0.064)*** 0.015 (0.020) −0.073 (0.016)*** −0.114 (0.044)*** −0.034 (0.017)**
Population density 0 (0.000)*** 0 (0.000) 0 (0.000)*** 0 (0.000)*** 0 (0.000) 0 (0.000)***
Log of taxable income per person 1.812 (0.426)*** 6.708 (1.548)*** 3.351 (0.378)*** 0.696 (0.400)* 3.795 (1.313)*** 1.176 (0.347)***
Year 1 −1.516 (0.119)*** −1.828 (0.225)*** −1.5 (0.110)*** −2.907 (0.104)*** −2.836 (0.164)*** −2.882 (0.093)***
Year 2 0.512 (0.129)*** 0.347 (0.124)*** 0.444 (0.118)*** 0.358 (0.114)*** 0.268 (0.115)** 0.335 (0.109)***
Constant −10.085 (3.412)*** −35.224 (10.921)*** −22.45 (3.256)*** 6.237 (3.164)** −13.301 (9.265) 0.142 (2.907)
Adjusted R2 0.2324 0.0645 0.1068 0.2611 0.1062 0.1806
Sample size 5662 5662 5662 5662 5662 5662
F-value 2.22 2.02
Hausman test (χ2 statistic) 30.54 21.33

Notes: OLS = ordinary least squares.
Standard errors are in parentheses. Prefecture dummies are included as control variables in the OLS estimations. Subsidies are indicated by two binaries for two
different age group: 0–18 and 19–64.
*, ** and *** indicate statistical significance at the 10, 5 and 1% level, respectively.
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